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This  project  summary  is  a  report  on  the  work  completed  to  date  on  the 
assimilation  of  PAH  and  PCB  congeners  by  the  amphipod  Diporeia  spp. 
Funding  for  this  project  was  originally  awarded  by  SET  AC  to  Dr.  Michael 
Lydy,  and  supported  Ms.  Gail  Harkey  under  the  direction  of  Dr.  Michael  Lydy 
and  Dr.  Peter  Landrum  after  Dr.  Lydy  assumed  employment  with  the  U.  S. 
Geological  Survey.  An  interim  report  for  the  period  1  Dec.  1990  -  30  Nov.  1991 
was  completed  and  submitted  to  SETAC  and  the  grant  originator,  the  U.  S. 

Air  Force  last  year,  and  summarized  the  objectives  and  work  completed  at 
that  time.  Objectives  for  the  second  year  of  funding  were  stated  in  that  report. 
After  re-evaluation  of  the  data  and  work  completed  through  December  of 
1991,  the  objectives  for  the  second  year  of  funding  were  altered  as  follows: 

(1)  Develop  a  technique  to  easily  estimate  assimilation  efficiency  in 
Diporeia  spp.  via  organism  exposure  to  dosed  sediment  with  subsequent 
determination  of  chemical  content  in  fecal  material. 

(2)  Compare  assimilation  efficiencies  simultaneously  for  a  PAH  and 
PCB  ,  using  dual-labeled  radiotracers. 

(3)  Compare  assimilation  efficiencies  as  stated  above  for  organisms 
exposed  to  selected  particle-size  fractions  of  dosed  sediment. 

(4)  Prepare  manuscripts  and  presentations  on  data  obtained  for 
submission  to  the  Environmental  Toxicology  and  Chemistry  journal  and  the 
annual  SETAC  meeting. 

To  better  estimate  assimilation  efficiencies  for  a  selective  feeding 
benthic  organism  such  as  Diporeia  spp.,  it  was  necessary  to  use  the  direct 
approach  by  determining  the  relative  concentrations  of  a  radiolabeled 
contaminant  in  sediment  and  fecal  material.  In  the  first  assay,  individual 
Diporeia  spp.  were  exposed  to  1 4C-benzo(tf )pyrene  (BaP)  dosed  sediment  for 
intervals  of  1 ,  3,  5,  and  7  days.  At  the  end  of  each  timed  interval,  the 
concentrations  of  BaP  in  sediment,  whole  organisms,  and  fecal  pellets  were 
determined.  The  numbers  of  fecal  pellets  produced  by  individual  animals 
were  counted  to  select  between  feeding  and  nonfeeding  organisms.  This 
enabled  the  amount  of  compound  accumulated  from  food  to  be  estimated 
and  separated  from  the  amount  accumulated  from  water.  Feeding  rate  can  be 
calculated  by  the  following  equation: 


FR  = 


dry  weight  fecal  pellets  (mg) 


exposure  interval  (h)  x  wet  weight  of  animal  (mg) 

From  this,  an  assimilation  efficiency  can  be  calculated  for  each  timed 
interval  as: 

Ca 


AE  = 


FR  x  SI  x  t  x  Cs, 


where  AE  =  assimilation  efficiency  (%) 

Ca  =  mean  concentration  of  chemical  in  the  animal,  taken  as 
the  mean  concentration  difference  between  feeders  and 
nonfeeders  (dpm/mg) 

SI  =  selectivity  index,  estimated  as  6 
t  =  exposure  interval  (h) 

Cs  =  concentration  of  chemical  in  sediment  (dpm/mg  dry  weight) 


Calculated  assimilation  efficiencies  for  the  first  assay  ranged  from  14.5  to 
23.9%,  using  BaP-dosed  sediment.  Concentrations  of  BaP  increased  in  both 
feeding  and  nonfeeding  organisms.  Even  though  contaminant  concentrations 
increased  in  organisms  over  time,  concentrations  in  fecal  pellets  were  highest 
on  day  1  and  gradually  dropped  over  the  course  of  the  7  day  study. 

A  second  assay  was  conducted  in  the  same  manner  as  the  first,  with  the 
addition  of  a  second  radiolabeled  compound,  14C  hexachlorobiphenyl  (HCBP). 
Diporeia  were  placed  in  twice  the  amount  of  sediment  as  that  used  in  the 
first  assay,  as  the  drop  in  fecal  pellet  concentration  may  have  occurred  with 
depletion  of  organic-rich  food  contained  in  the  sediment  exposures.  Exposed 
organisms  were  examined  at  3,  7, 10,  and  14  day  intervals.  Calculated 
assimilation  efficiencies  for  BaP  ranged  from  9.3-19.1%  (at  7  and  10  days, 
respectively),  while  efficiencies  for  HCBP  were  generally  greater  than  100%. 
Accumulation  of  both  compounds  in  fecal  pellets  dropped  after  7-10  day 
exposure  periods.  Although  a  larger  amount  of  sediment  was  available  to 
individual  organisms  in  this  assay,  the  decrease  in  fecal  pellet  concentration 
may  have  been  due  to  depletion  of  a  specifically  ingested  particle  size  fraction 
of  sediment  particles. 

Particle  size  distributions  of  the  BaP,  HCBP,  organic  carbon,  and  particle 
mass  were  examined.  Concentrations  of  BaP  and  organic  carbon  were  highest 


in  the  >5^im  particle  size  fraction.  The  fraction  with  the  greatest  mass  was  the 
20  -  30  pm  size  class,  and  this  was  the  class  that  contained  the  greatest 
concentration  of  HCBP.  Thus,  the  role  of  particle  size  and  compound 
distribution  was  thought  to  provide  insight  into  the  differential 
bioavailability.  Therefore,  to  further  investigate  this  phenomena,  a  third 
assay  was  completed.  Sediment  pre-sieved  to  <  20pm  was  dosed  with  the  two 
compounds  and  was  run  as  in  the  previous  assays,  with  3,  7, 10,  and  14  day 
exposure  periods.  Fecal  pellet  concentrations  stayed  relatively  constant  from 
day  7  to  day  14  for  HCBP,  but  again  dropped  for  BaP  after  day  10.  Calculated 
assimilation  efficiencies  for  this  data  set  ranged  from  1.2  to  2.9%  for  BaP  and 
were  close  to  zero  for  HCBP.  Differential  accumulation  between  feeding  and 
nonfeeding  organisms  disappeared  when  the  organisms  were  exposed  to 
these  materials.  Accumulation  of  HCBP  in  feeding  animals  was  lowered  by  a 
factor  of  two  in  the  third  assay  compared  with  data  from  the  previous  assay. 
Differential  partitioning  of  HCBP  to  the  various  particle  sizes  in  sediment 
may  explain  the  differences  in  assimilation  efficiency  and  accumulation 
between  the  two  assays. 

The  uptake  and  bioaccumulation  of  hydrophobic  organics  for  a 
relatively  nonselective  feeder,  Chironomus  riparius,  also  exhibited 
significantly  enhanced  accumulation  of  the  chlorinated  hydrocarbon  trans- 
chlordane  compared  to  the  PAH,  BaP  when  exposed  in  laboratory-dosed 
sediments.  Thus,  differential  bioavailability  of  a  chemical  may  not  depend  as 
much  on  behavior  as  on  the  nature  of  the  compound  and  its  interactions 
with  the  sediment  componets.  As  suggested  above,  differential  sorption 
among  sediment  componets  may  be  more  important  for  determining 
bioavailability  than  other  aspects  such  as  feeding  selectivity. 

Another  assay  incorporating  only  the  >20  jam  size  sediment  particles 
will  be  completed  in  September,  1992.  Accumulation  of  HCBP  and  BaP  will  be 
determined  and  assimilation  efficiencies  calculated  as  in  the  previous  assays. 
Data  obtained  from  this  assay  may  explain  the  differences  in  accumulation 
seen  in  assays  2  and  3,  and  will  further  determine  the  selective  feeding 
mechanism  involved  in  Diporeia  spp.  The  results  of  the  above  will  dictate 
the  direction  for  future  efforts. 
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